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© An expression system for production of chimeric monoclonal antibodies. 



© The present invention relates to an expression system for producing chimeric antibodies. The expression 
system includes vectors that contains the entire human genomic constant region of a immunoglobulin heavy 
and/or light chain and is adaptable for insertion, without mutagenesis, of a nonhuman antibody variable region. 
The resulting expression vector incyludes the entire human genomic constant region and the entire nonhuman 
variable region lacking tissue specific promoter and/or enhancer regions normally associated with genomic DNA. 
Chimeric monoclonal antibodies to interleukin-2 receptor and tumor neucrosis factor are examples of chimeric 
monoclonal antibodies that can be produced by this method. 
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AN EXPRESSION SYSTEM FOR PRODUCTION OF CHIMERIC MONOCLONAL ANTIBODIES 

BACKGROUND OF THE INVENTION 

The present invention relates to an expression system which provides a method for the production of 
chimeric monoclonal antibodies. The expression system includes vectors that contain the entire genomic 

$ human constant region of a human immunoglobulin heavy and/or light chain and is adaptable for insertion of 
the entire variable region of a nonhuman antibody. The expression vector contains the entire genomic 
constant region of the human antibody, and the entire variable region of the nonhuman antibody lacking 
tissue specific promoter and/or enhancer regions normally associated with variable region genomic DNA. In 
addition, this expression system does not require creation of restriction enzyme recognition sites in the 

10 variable region of the cDNA by mutagenesis. Host cells containing the expression vector and producing 
immunoglobulin can include lymphocyte or nonlymphocyte cell lines. Monoclonal antibodies against 
interleukin-2 receptor and tumor necrosis factor are examples of chimeric monoclonals that can be 
produced by this system. 

An antibody consists of heavy and light chain polypeptides which associate to produce a. functional 

1$ molecule. Both the heavy and light chains contain two regions designated the variable region and the 
constant region. The variable regions of the heavy and light chain bind to a specific antigen. The heavy and 
light chain constant regions are hot involved in antigen binding, but the heavy chain constant region has a 
physiological role through specific effector functions. In producing a chimeric antibody, the heavy and light 
chain constant regions of a human antibody are coupled with the variable region of a nonhuman antibody to 

20 achieve the desired binding function of the nonhuman antibody while reducing the likelihood of an 
immunogenic response to the nonhuman constant region. Human effector functions are also preserved. 
Prior art methods have provided chimeric antibodies having a human constant region and a nonhuman 
variable region, but none of the prior art methods known to date either provide an expression vector that is 
adaptable for insertion of the variable region without mutagenesis of the variable region, or which lack a 

zs tissue specific promoter. Additionally, this vector allows for subcloning and expression of variable region 
genes which lack enhancer regions normally associated with genomic DNA. 

WO 86/01533 (Celltech Limited) describes a process for the production of chimeric antibodies using 
recombinant techniques. They define the term "chimeric antibody" to describe a protein comprising at least 
the antigen binding protein of an immunoglobulin molecule (lg) attached to at least part of another protein. 

30 In this example, the constant and variable region genes include tissue specific promoter and enhancer 
regions associated with genomic DNA. These tissue specific regions limit the use of the expression vector 
to lymphocytes as the host cell. 

EPO 0 125 023 (Genentech) describes the use of recombinant DNA techniques in bacterial cells to 
produce Igs and, proposed the construction of chimeric Igs. Celltech in WO 86/01533 believed that the 

35 Genentech application did not result in the secretion and assembly of the chains into the desired chimeric 
Igs. An explanation for the inability to secrete and assemble the chains into the desired chimeric Igs is the 
inability of a procaryotic cell to correctly process a mammalian secreted protein. 

Liu et al. Proc. Natl. Acad. Sci. Vol. 84, pp 3439-3443 (May 1987), disclose a chimeric mouse-human 
antibody using cDNAs that were introduced into lymphoid cells by DNA transfection. The cDNAs were 

40 isolated and restriction enzyme recognition sites created in the cDNA sequences at the V/C junction by in 
vitro mutagenesis. This process requires that the nucleotide sequence be known for each variable region 
and that each variable region be altered by mutagenesis. 

United States Patent U.S. 4,085707 (Waldmann) describes a method for treating malignancy and 
autoimmune disorders and for preventing allograft rejection using conjugated or unconjugated monoclonal 

45 antibodies to interleukin-2 receptor. Heterologous murine monoclonal antibodies are prepared from the 
ascites fluid of BALB/C mice and purified by DEAE chromatography. The patent specifically describes the 
treatment of patients with HTLV-l associated Adult T-Cell Leukemia (ATL) using intravenously administered 
anti-Tac monoclonal antibody (Treatment A); using anti-Tac monoclonal coupled to hem toxin A-chain or 
Pseudomonas toxin (Treatment B); and using anti-Tac monoclonal coupled to bismuth-212 or Yttrium-90 

so radionuclides (Treatment C). 

Pastan et al. U.S. Patent 4.545.985 describes and claims immunotoxin conjugates of Pseudomonas 
exotoxin with epidermal growth factor, transferrin receptor monoclonal antibody and interleukin-2 receptor 
monoclonal antibody (anti-Tac). for use in chemotherapy. The preparation of murine monoclonal antibody to 
interleukin-2 receptor was prepared as described by Uchiyama et al in the J. of Immunol 126:11393 (1981). 
Diamanstein and Osawa (Bay r), GB Patent Application 2188941 describes and claims compositions of 
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hybridoma clones Am-Si m^^m^S^^ J^ monoclonal antibodies from the two 
MettukM dee.nd.nl t,mh*M, ^iiwm™ Zt . s " m " HT -" 7 »«*« 9'Mler Inhibillon ol 

* ^ 

supra, have achieved the abov dTsired St 9 " Ce " S " **" Dia a"* Osawa. 

am*odies have been 2£ ZclZ of hi L ,?• T m0n0C ' 0na, an,ibodies - Murine mon <*'°" a ' 
specificity. *ne.^^J5^ i^S^TT 9 ?T m ° n0C, ° na,S °' 
mouse antibodies often evoke e^^^l" 1 P " y 1,16 human immune s V s,em - 
allergic side effects. SWiSS^SSrT^? " effec,iveness and ™V cause 
A murine monodona. IgG-, anZi has * s 2n h i nroMrf R n ° h C,0na,S * ,he inCreaSed serum 
t monoclona, antibody has a moS^ JT^* °' 15 ' 16 m hU ™ S " hereas 8 h ™ 

bodii: ^Jisrssi *rs2^r~ a9ainst the an,wL - 2 ™»« •* 

*e expression system J ITS^ST " d * 

constant regions for the respective mouse constant Lni„„, T I 9 C a '" and heavy cnain 

mouse monocona. ^Vhu^t^^S^ am ' 9efl ' C Pr ° b ' emS aSS ° Cia,ed ^ "** 3 

nJii.'s^i^ n isrs s disc,oses and c,aims an ■*«* «° 3 «" 

mediator is believed to be TNF ?he L f ™? *™ USed in ,he ,h « characterized 

known techniques, includL the use 0^0!! ,r *° "» media, ° r 1,6 P roduced b V 

mye,oma ce., There is noUnc^^ ~» ce-.s and 

SUMMARY OF THE INVENTION 

system SSZSn ^Z^eZ TT'* ^ session 

50 heavy and/or light 'chain ^^2^^^^^^ fe9i ° n °' 3 hUm3n ■"»««***, 
nonhuman antibody variable reg^such thaf th- i?** ,or msmon - " itn °"» mutagenesis, of a 
Senomic constant regto and th enTe nonhla £ hMs ,he en,ire huma " 

and. enhancer regions C^SS; — ^ — 

vector and ,0 said « TableTg V^^^^lTTl °* ^ unique 10 said 

Plurality of restriction sites. f? r Toon^l! ! , IS*?" ' S m ' 3MP7 ***** P^des a 
could provide the same function 9 P ° ,y " nkerS - COn,a,nin 9 mu,,i P' e cloning sites (me.) 
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The expression system is adaptable for ^ 
inserted includes a synthetic oligonucleotide .inker ^^*^JSJ£2« entire ConS,ant 

9e "C Zssion system further Mud. ~ £ SS^SMl 

-SSS sites co U ,d pro.de the same 

^assembfed vector with human constant region 

separated by a polylinker such as. ml3 polylinker ^^.^^^SZa^B allows 
p^utfon o» chimeric monoclonal —^^'5^^^ associated with 
cloned nonhuman variable reg.ons. lacking tissue specmc reg imc p y n of & 

genomic DNA, to be inserted between the Pooler and the constan method (Qr 

y ?estnction enzyme recognition site in ^ ^^Z^^^TZor enhancers norma.ly 
ctoning and inserting any variable reg^n lacking -J *^S^nc^ site in the variable 
associated with genomic ONA without msertio no fa ed ™*™JW£ transection in lymphocyte and 
region. Thus, this generic vector has advantage o« ^J^jj^ fer the insert ion of Coned 
non.ymphocyte host cells for production of .mmun^lobuhns. The system 8 °«s ° an expression 

o variable regions using conventional recombman, «^i^"elJniS^ technology. 

— mat can """" int0 

-s lymphocyte and nonlymphocyte cells by DNA transfect.on. 

BRIEF OESCRITPION OF THE INVENTION 

Figure t is the nuclide seance and amino acid sequence of the variab.e region of AHT107 
^ Figt 2 is the nucleotide sequence and amino acid sequence of the variable region of AHT54 heavy 
Ch3in ' Figure 3 is ,he nucleotide sequence and amino acid sequence of the variable region o. AHT107 light 
* Ch3in - Figure 4 is the nuc.eotide sequence and amino acid sequence of the variable region of AHT54 light 
Figure 5 is a diagrammatic representation °'^ mae ^^ containing 
. ,e riSKSS t^S^Z^^ - -stance 
marker under transcriptional regulation of the SV 40 promoter. 

OET AILED DESCRIPTION OF PREFERRED EMBODIMENTS 
, 5 Murine hybridomas designated AHT54 and AHT107 as described by Diamanstein and Osawa. supra. 

^^SXtZ^^^ » - * - ^ iM the ,ol,owin9: 

-oma. Moloney leukemia. Molcey sarcoma ~~ 

so retroviruses: . 

(3) early and late promoters of SV40 and polyoma v.ruses. 

(4) immediate early promoter of human cytomegalovirus: ^ 
(S\ maior late promoter of adenovirus: P> "J***** 1 
6 combinations of enhancer elements and core «*™ n « «™> ^ 
(7) combinations of immunoglobulins, gene enhancers and control * ,emen,S * 

of the above described promoters. . include the 

Non-limiting examp. s of cel. lines for use in the present 
lines which are derived from human, rodent, simian and other mammal*" 
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Human: Hela, 293 myl omas 
Rodent: Mouse: NIH 3T3, C127.MOP, myelomas. 
Hamster: CHO, BHK. 
Rat: Myelomas. Rat 2 
5 Simian: CV*1 f COS. VERO 



mRNA Isolation 
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Suspensions containing 10* cells were pelleted by centrifugation at 1500 rpm for 15 min. To the cell 
pellet containing 10 9 AHT 107 cells add 30 ml LST buffer (a list of all .buffer solutions is listed below) and 2 
ml Vanadyl Ribonucleoside Complex (Bethesda Research Laboratories. Gaithersburg, MD) and gently 
resuspend cells; keeping the cells on ice. Transfer the resuspended cells to a 50 ml tube. Add 12 mUX 
buffer invertin 9 9ently 10 times. Centrifuge the resuspended cells at 2500 RPM for 5 min. Transfer 
supernatant to a 250 ml centrifuge bottle with cap. Add 4 ml 10% Sodium Dodecyl Sulfate (SDS) to the 
supernatant and bring volume up to 80 ml with ACE buffer. Add 80 ml ACE/Phenol and shake vigorously for 
5 mm at room temperature. Centrifuge at 5000 RPM for 10 min. Remove the aqueous phase and transfer to 
fresh 250 ml bottle. Precipitate the RNA with 2 volumes of -20 # C absolute ethanol and add 1/10 the 
aqueous volume. 1 M NaCI. Precipitate the RNA overnight at -20 # C. Pellet the RNA by centrifugation at 
7000 RPM for 40 mm at 4 C. Wash the pellet with 70% ethanol and centrifuge 7000 RPM for 15 min at 
4 C. Dry the pellet (lyophilize). Resuspend the pellet containing total RNA in dH 2 0. 

Poly(A) mRNA is isolated using oligo(dT)-cellulose chromatography according to the protocol de- 
scribed in Maniatis et al. 



cDNA Synthesis and Construction of Lambda GT10 Library 



Double stranded cDNA was synthesized using a Bethesda Research Laboratories (BRL, Gaithersburg 
Maryland) cDNA Synthesis System (catalogue number 8267SA). Size select double stranded cDNA by 
fractionation through a 6% polyacrylamide gel. Excise a gel fragment containing DNA 500 bp and larger 
Electroelute DNA from gel for 2 h at 140 Volts in 0.1X TBE buffer. Add an equal volume of 
phenol/chloroform 1X. and an equal volume of chloroform IX. and precipitate by adding 2.5 volumes 100% 
ethanol and 0.1 volume of 3 M NaAcetate and incubate overnight at -20* C. Pellet the DNA by centrifuga- 
tion, wash with 70% ethanol. and lyophilize. Ligate double stranded cDNA to EcoRI adapters as follows- 
35 the nucleotide sequence of the upper strand of the adapter is 
5 CTCGAGAGAACGTATG 3 : 

the nucleotide sequence of the lower strand of the adapter is 
5 AATTCATACGTTCTCTCGAG 3'. 

Before ligating the adapters to the cDNA the upper strand adapter is kinased according to protocols 
40 described m Maniatis et al. 

Purification of doubte stranded cDNA from free linkers is as follows: fractionate the entire ligation 
reaction through a 6% polyacrylamide gel and isolate a gel fragment containing DNA larger than 500 bp 
Then electroelute the DNA from gel slice, phenol/chloroform, ethanol precipitate, centrifuge and lyophilize 
as described above. 

Double stranded cDNA containing EcoR I adapters is ligated to lambda GT10 arms {Stratagene La 
Jolla, Ca) following the protocols provided by manufacturer. 

Packaging, titering and plating of cDNA library is done according to procedures supplied by the 
manufacturer of the lambda GT10 arms (Stratagene). . 



Isolation of AHT1Q7 Heavy Chain cDNA Clones Using Synthetic Oligonucleotide Probes 

Clones representing the AHT107 heavy chain were isolated as follows: The AHT107 cDNA library was 
screened w.th three synthetic oligonucleotide probes made complementary to published mouse lgG-1 
55 constant region nucleotide sequences. The nucleotide sequence of th probes follows- 
probe #1: 5 GGTCACCATGGAGTTAG 3 
probe #2: 5 AGGAGCAGTTCAACAGCACT 3' 
probe 03: S CCTGCATGATAACAGACTTC 3' 
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.J*^ T ana.y,ed fufther by EcoR , festrt , tion 

subcloned into bacteriophage ^1X11 were p,aque purified and their inserts 

the amino acid sequence of the variable reTon Z Thl* f° mpu,er - assisted analysis was used to derive 
amino acid sequence of purified ^ 

computer anarysis to encod a Ml J^WTWiST IT de,ermined - Cl0nes P' edic,ed «V 
acid sequence as the puriS In^lT^L^T^ ^ Same ^'"a. amino 

The nucleotide sequence of the degenerate oligomer for priming at the 5 ' end is: 



ACGTTGCGAATTCTGGCCAGGTCCAGCTGCAG 

* * A C A 
» *TA 

G T T 
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appropriate vectors for sequencings an ^ cLtrucll i Tr* 0 " S,teS US6d ,0r Subc,onin 9 **> 
for priming at the 3 end is: c °«ng the ch.mera. The nucleotide sequence of the oligomer 

TACTAATGCGGSTOCTTGGGTGTCGTTTTGGC 

vectors for sequencing and constructing me chi^a * ** SUbd0nin9 ^appropriate 

The reaction conditions for PCR are as follows: 



.. W .. W , 11W1|d (Uf ^ 3S T0 „ 0WS: 

of chloroform ,X. Precipitate with 2 J X f'JSZ H eZo ^Tr 0 '™ ^ " i * - V °' Ume 
isolate gel fragment containing approbate sS DNA fill ? ? ° W * 5% gel. 
Add equal volume of pheno./chloroform X nd TJS^L^TT ** ^ ,he 96 ' S ' ice ' 
'00% ethanol. Resuspend ,n restriction end^ucfease buffer ^ 1 1° ^ 1 * PreCipi,ale wi,h 2 5 x 
Phenol/chforoform and ethanol as above Lioate S In* 1- ™'™ bate Wl,h E '° R ' and Hind ill. Add 
clear p.aques. determine ma^J^jTJ^T'' ** ' S0,a,e 3 number * dif *™' 
oligonucleotides described above V * lhe S3me 88 ,or ,he P"**"™ using synthetic 



so 



Cojgrugior, of the AHT1Q7 Heavy Chain Chimeric Antihn^ 

^^^srtr*" The psv2neo ec ° r • 

6935,. This vector is referred to as pMTI-6 a j 5 Hi 5 I J£mETT ^ Ml3mp,e «* 623 '- 
constant region gene was subcloned as a blunt end fl^I ? 1 fragment containing the human IgG-i 
of PMTI-6. This vector is referred to as pMTMO 9 ,n, ° * * M * $i,e in me M " PC**** 

sequences excep? for the f^e ami a Hf T^LT TT" 9 *" » «** 
with Klenow. An approximatelv 8 kb Ba mH l«" "\ ™.? h0 ' si,e of Ws ,r agment was filled in 

M13 Po.yr.nKer. the Sac .. site is tocated n he SKElfS 1 T PM ™° BamH " si,e is in ,he 
BamH , site of this fragment was filled in J h tnow An Z I Sa M. fT" ' 9G ' 1 C ° nStam re9i0n » The 
Apa I and Sac I. sites are located in the CH, and CHZ^om'at J7T ^ pM ™° < the 

me 3 end and con,a,ning the coding sequences for the J 8 amino^s' ?i S£ S 
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few amino acids of the human constant region up to the Ana I «it« in «*» rut a • tl 

sequence of the oligomers are: ^ " CH1 domam - ^ "^tide 

5' 

GCACCACTCTCACAGTCTCCTCACCCTCCACCAAGGGCC 
GTGAGAGTGTCAGAGGAGTCGGAGGTGGTTC 



TO 

' ^menrcontaini ng the cytomegalic immediate early enhtc and £ wSE^S! 



30 



55 



45 



55 



expression of the Chimeric AHT1Q7 Heavy Chain Gene 

nMr^inr' ° f expreSSi0n 0f the three chi ™c AHT107 heavy chain vectors, pMTI-3103 dMTI-3105 and 
fresh medium. Incuba. a, 37* c L 48 h R™« t Z™' Min * media and a <" 

The nucleotide sequence of the degenerate oligomer for priming at the 5' end is: 



5' ACGTTGCGAATTCTCGCGAAGTGCAGCTGGTG 3' 
so G T A C T 

C AC 
A G A 
T A 
IG 
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The highlighted (bold) nucleotid s correspond to the first five amino acids of the process d heavy chain. 

The overlined nucleotides correspond to EcoR I and Nru I restriction sites used for subcloning into 

appropriate vectors for sequencing and constructing the chimeric gene. The nucleotide sequence of the 

oligom r for priming at the 3' end is: 
s 5' TACTAATGCGG 5S5CTTGGGTGTCGTTTTGGC 3 

The highlighted nucleotides correspond to the first five amino acids of the mouse lgG-1 constant region. 

The overlined nucleotides corresponde to the Hind III restriction site used for subcloning into appropriate 

vectors for sequencing and constructing the chimera. 
The reaction conditions for PCR are as follows: 
io Preincubate 10 at 94* C. Then process for 25 cycles consisting of 1 ' at 94 * C; 2 at 55* C; 3* at 72* C. No 

autoextension. Post incubate 10 at 72* C. Add equal volume of phenot/chloroform 1X, and an equal volume 

of chloroform 1X. Precipitate with 2.5 X volume 100% ethanol. Fractionate over a 5% polyacrylamide gel. 

Isolate gel fragment containing appropriate size DNA fragments. Electroelute the DNA from the gel slice. 

Add equal volume of phenol/chloroform IX, and an equal volume of chloroform 1X. Precipitate with 2.5 X 
is 100% ethanol. Resuspend in restriction endonuciease buffer and incubate with EcoR I and Hind III. Add 

phenol/chloroform as above. Ligate into EcoR I/Hind III cut M13. Isolate a number of different clear plaques, 

determine nucleotide sequence and analyze the same as for the procedure using synthetic oligonucleotides 

described above. The nucleotide sequence and the amino acid sequence of AHT 54 heavy chain is shown 

in Figure 2. 

20 

Construction of the AHT54 Heavy Chain Chimeric 

The following procedure can be used for construction of the AHT54 heavy chain chimeric: 
25 The starting vector is pSV2NEO with the following modifications: The pSV2NEO EcoR 1-BamH I 
fragment (bp 2635 - 3386) was replaced with an EcoR l-Bgl II fragment isolated from M13mp18 (bp 6231 
-6935). This vector is referred to as pMTI-6. a 6.5 kb Hind IH-BamH I fragment containing the human lgG-1 
constant region gene was sublconed as a blunt end fragment into a filled in Sal I site in the M13 polylinker 
of pMTl-6. This vector is referred to as pMTMO. 
30 The AHT54 heavy chain chimeric gene was constructed with the following components: 

An EcoR l-Sty I fragment from the AHT54 heavy chain cDNA clone containing all the variable region 
coding sequences except for the final 9 amino acids of the J region. An approximately 8 kb Eco Rl-Sac I 
fragment isolated from pMTI-10 (the Eco Rl site is in the M13 polylinker, the Sac II site is located in the 
. CH2 domain of the human lgG-1 constant region). A 1014 bp Apa l-Sac II fragment isolated from pMTMO 
35 (the Apa I and Sac II sites are located in the CHI and CH2 domains of the human lgG-1 constant region, 
respectively). Two overlapping synthetic oligonucleotides having a Sty I site at the S end and an Apa I site 
at the 3 end and containing the coding sequences for the final 9 amino acids of the J region and the first 
few amino acids of the human constant region up to the Apa I site in the CH1 domain. The nucleotide 
sequence of the oligomers are: 

^ ' CAAGGGACTCTGGTCACTGTCTCTGCAGCCTCCACCAAGGGCC 3 ' 
CCTGAGACCAGTGACAGAGACGTCGGAGGTGGTTC 
45 3' 5' 

The synthetic oligonucleotides were first annealed to each other and then all the components were 
added to a ligation reaction. Clones containing all the components were isolated by hybridization to 
so radioactive probes. Positive clones were further characterized by . Southern analysis and dideoxy sequen- 
cing. 

A similar procedure can be utilized for the analysis and dideoxy sequencing. 

A similar procedure can be utilized for the light cDNA chain and is described as follows: 

55 

Isolation of AHT107 Light cDNA Clones Using Synthetic Oligonucleotide Probes 

Clones representing the AHT107 light chain were isolated as follows: The AHT107 cDNA library was 
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Clones that hybridized to the o nh* 

s&kl^ ^^sszz * , restriction 

amino ac £ " ■"^ **** SSJljS?! " d ** ins rts 

amino acid -r Vanabte re 9 ion fr °m the nucleoli? ana ' ys,s was ««» to derive 

analysis £ J" 7107 chain *" * The N *™*« 

""Mne.M^Tl^.'S!!; AHT, ° 7 ««in £ ITS' ^ pred,C,ed * "mputer 

charac '«*ed te£ b J 2 n j! "7 N - termi "al amino acid 
light chain cdE? ° aC ' d Sequence « the variable eoL^ K .^ 8 ' 8 ' RflUfe 3 sh ows me 
CDNA. Figure 4 shows ^ ** as J^^""™ Th « AHT54 

^^char- * — ' — • «- ^^Z^^^Z^^ 

5 ' * ?!T1 **^ 3 ; 



r a y 

A c 
6 



so 



!5 



five amino acids o, the mo k 
appropriate vect0rsf ^ to the Hind II, restrict sL used T ^ C ° nS,an * 

The reaction conditions ZpLT* ? * ,he Chimera ' SUbC '° nin9 in, ° 

. Preincubate io' at 94' c k°n n " °"° WS: 
- autoextension. P os t incuba^TS'c C0 " si ^ - 1' at 94'c; 2 at 5S' C - 3 ' t „■ 

volume of chloroform ix pl£,7 an equal vo '«me of phenol/chior 8 , 3 * 72 C - No 

Polyacryiamide gef Isolate J ^ * 25 X v0,u ™ '00% e,S C ,X - and an equal 
from.the gel slice aS ' 9 a9ment con,ainin 9 appropriate size rW ? *actiona.e over a 5% 
Precipitate 9 ^'^ ^21^ " E ' eC,r0e ' Ute *• «*A 

' 5 and Hind II,. Add phYnSchll IT in r «tricti 0n endonS«e buffo IT °' Ch ' 0r °' 0rm >*• 

"«mber of different 1°, ? ° rm a " d e,hano ' as above boat toJV a , incubafe EcoR I 
Procedure de,ermi ° e «^2^J5V** !!' COt M13 - **** 
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The AHT107 light chain chimeric gene was constructed with the following components- 
An Xho l-Acc I fragment from the AHT107 light chain cDNA clone containing all the variable region 
coding sequences except for the final 20 amino acids. The Xho I site of this fragment was filled in wJh 
Klenow An appropriately 8 kb BamH l-CIa I fragment isolated from pMTl-3052. The BamH I site is in the 
M13 Po.yl,nker the Cla I s,te was introduced by site directed mutagenesis 37 bp downstream from the start 
of the human kappa constant region coding sequence. The BamH I site of this fragment was filled in with 
Ktenow. Two overtopping synthetic oligonucleotides having a Acc I site at the 5 end. nucleotides 

2 Tdd" of i° e J C h l' ° V fhan9 * *" 3 end " 8nd Conteinin 9 ,he «*» sequences for the ■ £5 
l MT?rn bte x e9 '° n "* me " fSt 13 amino acids °' the "uman kappa constant region up to 
the Cla I site in pMTl-3052. The nucleotide sequence of the oligomers are: 
SCTACGGTATGATGATCTTCCGTGGACGTTCGGTGGAGGCACCAAGCTGGA- 
3TGCCATACTACTAGAAGGCACCTGCAAGCCACCTCCGTGGTTCGACCT. 
AGTCAGACGGACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATC3' 

TCAGTCTGCCTGACACCGACGTGGTAGACAGAAGTAGAAGGGCGGTAGGC s' The synthetic 

n Were fi - St ,0 MCh 0ther and ,hen a " the com P° nents "« •*« to a ligation 

reaction. Clones contammg all the components were isolated by hybridization to radioactive probes. Positive 

, * bV S ° U,hem 8na,ySiS 3nd dide0Xy sequencin 9- 0ne c,one contei ™9 a" 

^components ,n the correct configuration was chosen for further studies and it is referred to as pMTI- 

*d 10 e * pre * s P^l-3056 in mammalian cells various promoter and enhancer combinations were 

added to the vector. A 600 bp Nde l-Hind III restriction fragment containing the Rous Sarcoma Virus (RSV) 
promoter was filled in with Klenow to produce blunt ends and subdoned into the Sma I s Tte In L mz 
po yhnker of pMTUSB. The resulting vector is referred to as pMTI-3055. A 850 bp M.u 
fragment contammg the Cytomegalovirus immediate early enhancer and the HIV LTR was filled in with 
Ktenow to produce blunt ends and subdoned into the SMA I site in the M13 polylinker of pMTI-3056 The 
22 V6C,0r * Te,erred ,0 35 pMT '- 3057 - 5B shows an expression vector for the light chain 



Expression of the Chimeric AHT107 Light Chain Gene 

tr a nI h n.!r° Chi,T ' eriC %* ^ w,ctor "' ° MJmSS and » MT|:3057 - ™ initially analyzed in a 

transient expression assay in COS cells, (data not shown). 

Isolation of Stable Cell Lines Producing Chimeric AHT1Q7 Antibodies 

After the expression of the AHT heavy and light chain vectors, constructs were confirmed in a transient 
expression assay, the vectors were then used for isolation of stable cell lines. The following procedu e is 
ut-hzed for both heavy and light chains. Vectors (10 ug each, were linearized by J^SSSZ b 
non-essentia. part of the plasmid. The linearized vector DNAs were combined JJ^Jw^* 

' TlZ^T^TZ sa,ine - Non - ,ineari2ed vec,ors * ere a,so used * a < 

iu ug DNA/AHT10 cells-0.5 ml. The m.xture was transferred to a Gene Pulser Cuvette /Bin R art 
7 f I/ 6 ' 6 8 ! Sayed f0r Viabil " y and r ««pended in medium and plated at a concentratL of 5 x 

ARer 3 to 4 weeks the supernatants from drug resistant colonies were screened for the oresence o 
chimeric light and heavy chains by ELBA. Supernatants of cultures that were posttve for The presence o 

ELE? V T ^ ,h6n 3SSayed '° r ,he abi,i,y ,e bind to PMA stimulated humart T- 

lymphocytes. Pos.tove cultures were then cloned by limited dilution. 

Chimeric Monoclonal Antibodies Against TNF 

construct TTt T^***™ * ^ S ™* pr0Cedures and vec,ors *™ ™* «ed lo 
T^^mVT^ r n< ; an, ' b0dieS ' Me " en9er RNA iSola,ion - CDNA construction o. 

oliooniiriMt'H library and .solat.on of TNF heavy and light chain cDNA clones using synthet* 
ohgonucleonde probes are all as d scribed above. After determining the nucteotide sequence of the J 



10 



EP 0 380 068 A1 



and h avy chain anti-TNF antibody variable regions, chimerics are made using overlapping synthetic 
oligonucl otide linkers extending from a conveni nt restriction site in the variable region to the unique 
restriction sites in the human constant regions of the previously described expression vectors. To isolate 
anti-TNF antibody variable region cDNAs by polymerase chain reaction, first determine the N-terminai 
s amino acid sequence of the light and heavy chains of the antibodies. Then synthesize degenerate 
oligomers correspnding to the first few amino acids of the processed protein. The oligomers shold have 
appropriate restriction sites for subcloning and chimeric construction. The oligomers for priming at the 3' 
end and the PCR protocol are as described above for the AHT107 antibodies. 

to 

Buffers 
LST 

, 0.02 M Tris pH 7.5 
rs 0.01 M NaCl 

3mMMgCl2 . 

4XTNLB 

5% Sucrose 

1.2% Triton X- 100 
20 ACE 

0.05 M NaCl 

0.01 M NaAcetate pH 5.1 

3 mM EDTA 

ACE/Phenol 
25 30 ml ACE buffer added to 100 ml phenol 

TBE 

0.089 M Tris-borate 

0.089 M boric acid 

0.008 M EDTA 
30 TS Buffer 

Solution 1 (2 liters): 

16.0 grams NaCl 

0.76 grams KCl 

0.20 grams Na2P04 
35 6.0 grams Trizma base 

Adjust pH to 7.4-7.5 with HCl. Distribute 95 ml into bottles. 

Solution 2 (200 ml): 

0.4 grams MgCI-> 

0.4 grams CaCI? 

40 Autoclave solutions 1 and 2 for 20 min. Let cool. Add 5 mi solution 2 to each 95 ml bottle of solution 1. 
Store at room temperature. 
RIPA lysis buffer 
' 1.0% Noniodet40 
50 mM Tris pH 8.0 



Increased Expression of Chimaerlc Antibodies against IL-2R 

The expression levels of chimaeric antibodies against IL-2R in CHO cell lines can be greatly increased. 

so i.e. 10 fold by transfection of the HIV TAT gene into existing cell lines containing vector(s) for the heavy and 
light chain chimaeric antibodies. It is recognized that the HIV TAT gene in combination with the metal- 
lothionein promoter such that the TAT gene is under transcriptional regulation of the promoter, can be 
introduced into an existing cell line or can be incorporated into at least one vector containing the encoding 
sequence for the chimaeric heavy or light chain. The advantage of generating a separate vector containing 

55 the HIV TAT gene under transcriptional regulation of the metallothionein promoter, is that the vector can be 
used as a -reagent" vector for increasing xpression levels in cell lines producing the anti-chimaeric 
antibodies other than IL-2R. 

Using the expression vector of Figure 6. the expression of chimaeric antibodies can be greatly 
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to 



increased ie 10 fold in stable transf ctanls that wer isolated aft r transfection of the HIV TAT gene. The 
HIV TAT gene a transacting factor that activates th expression of HIV genes, was localized by Arya et al. 
1985 Trans-activator G ne of Human T-Lymphotropic Virus III (HILV-III). Science 229:69-73. 

The expression vector, pMTI-3023 was constructed to contain the TAT gene under transcr.pt.onal 
regulation of the m tallothionein promoter, and the GPT drug r sistance marker under transcriptional 
regulation of the SV40 promoter, see figure 6. It is recognized that other drug resistance markers may be 
utilized The vector was transfected by electroporation into the original AHT107 chimaenc antibody 
producing cell lines, described supra, and mycophenolic acid resistant cell lines were isolated. Expenmental 
results demonstrated that tranilSted TAT protein would transactivate the HIV promoter responsible for 
chimaeric antibody transcription. Cell lines found to be producing the highest amounts of chimaenc 
antibodies were cloned. A stable cell line producing the highest levels of AHT 107 chimaenc ant.bo.des was 
deposited as ATCC CRL 10298. 



is Claims 

1 An expression vector for transfecting a host cell for producing chimeric monoclonal antibodies 
comprising the constant region of a human immunoglobulin heavy and/or light chain, said expression vector 
is adaptable, without mutagenesis, for insertion of a nonhuman antibody variable region such that the 

20 resulting expression vector includes the entire human constant region and the entire nonhuman variable 
region lacking tissue specific promoter and/or enhancers regions normally associated with immunoglobul.n 

genomic DNA. • 

2 The expression vector of claim 1 further including a promoter upstream of said human constant 
region, said promoter linked to said constant region by a poiylinker containing at least one restriction site. 

75 unique to said vector and to said variable region. 

3 The expression vector of any of claims 1 and 2 wherein said variable region to be inserted includes a 
synthetic oligonucleotide linker such that when said variable region and said linker are inserted between the 
promoter and contant region the resulting vector includes the entire constant region and the ent.re 
nonhuman variable region fused in-frame. 

30 4. The expression vector of claim 3 wherein said synthetic oligonucleotdie linker is fused to sa.d 

variable region. .... ^ - ^ ^ ^ »u« 

5. The expression vector of any of claims 3 and 4 wherein said synthetic oligonucleotide is linked to the 
polymerase chain reaction primers and becomes incorporated into the amplified variable region. 
. 6. The expression vector of any of claims 2 to 5 wherein said restriction site includes the m13MP7 
35 poiylinker. 

7. The expression vector of any of claims 1-6 wherein said human constant region includes an 
introduced restriction site which is unique to said vector including said human constant region and said 
variable region. 

8. The expression vector of claim 7 wherein said restriction site is Cia I. 
40 9. The expression vector as shown in Figure 5A.f 

10. The expression vector as shown in Figure SB. 

11. The expression vector of claims 1-10 transfected into a host cell line. 

12. The expression vector of claim 11 wherein said host cell is selected from the group consisting of 
lymphocyte and nonlymphocyte cell lines. 

45 13. A method of producing chimeric monoclonal antibodies in lymphocyte and nonlymphocyte cell lines 

comprising, 

(a) preparing the expression vector of claim 1 . 

(b) transforming an immortalized mammalian cell line with said vector of step (a), and 

(c) culturing said transformed cells to produce chimeric antibodies. . 

so 14. Hybridoma cell capable of producing the chimeric monoclonal antibody AHT107, said cell being 
ATCC CRL10030. 

15. Hybridoma cell capable of producing the chimeric monoclonal antibody AHT107, said cell being 
ATCC CRL10298. 

16. Host cell lines transformed with vectors of claims 1-10. 

55 
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astcicaoVs^tcVctAcagtcacggagtecacago^cittoccAt^ooctggagct^ta 
_ _ _ _ — — ——— — — — ^— ———— ——••*— — — — — — • 

ttagVgtcatcagagatgtcagi-gcctcatgtgtcccgi-aicggtacccgacctcgacat 

M 6 W S C I 

tcatcctctttctggcagcaacagctacaagtgtgcactcccagotccagctgcagcagt 
— __-— --^•—-Z— --—-*-— — —————— +— — ------ -—-————— — — — — — — .+ 

agtaggagaaagaccgtcgttgtcgatgttcacacgtgagggtccaggtcgacgtcgtca^ 

I L F L A A T A T S V H S Q V Q L Q Q S 
ctgggcctgaggtggt'gaggcctggggtc'tcagtgaagatttcctgcaagggttccggct 

__ — 2 — —-.— <*.- — — 1Z — Z — *.— — ------ Jh+»— — —— — — — — — «+.— — — — — — — *•- — — - — —- — —,♦ • 

gacccggactccaccactccggaccccagagtcacttctaaaggacgttcccaaggccga 

5 P E V V R P 6 V S V K I S C K G S G Y 
acacattcactgattatgctctgcactgggtgaagcagagtcatgcaaagagtctagagt 
tgtgtaagtgactaatacgagacgtgacccacttcgtctcagtacgtttctcagatctca 

T F T D Y A L H W V K Q S H A K S L £ W 
ggattggaattattagttcttacaatggtgatacaagctacaacccgaggtttaagggca 

i.— __- — ^^.-=v^.'. — ----- *———- — --"V^-^^.*—-*-- --.+---.•-- — ——-+-——--——— — 

cctaaccttaataatcaagaatgttaccactatgttcgatgttgggctccaaattcccgt 

I G I I S S Y N G D T S Y N P R F K G K 

aggccacaatgactgtagacasatcctccagcacagcctatatggaacttgccaga^tga 
— ^..———— — . — — ^.— — — — — — — — — — — — — ^— — —————— — ^— ———————— ^> 

tccgglrgttactgacatctgtttaggaggtcgtgtcggatataccttgaacggtctaact 
A T M T V B K S S S T A Y M E L A R L T 

catctgaagattctcccatctattactgtgcaagaggaagcaaccttgactactggggcc 

gtagacttctaagacggtagataatgacacgttctccttcgttggaactgatgaccccgg 
5 E D S A I Y YC-ARGSNL D Y W G 0 

aaggcaccactctcaccgtctcctca 

ttccgtggtgacagtgtcagaggsgt 
G T T L T V S 5 
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f-"!I!IIi!!!l! t99aatt ff ttcc *9 ttcctca 9 ac ttca9tgatga9c«ctga a c 
gagagctccggtcagaccttaactaaggtcaaggagtctgalg^ 

!!!I!!!!!i!!!!!i!!!j!"!! 9 f^ ca 9^5* ttttcctt 9tccttactttaaaag 

tgtctgtggagtggtacttgaaacccgagtctaactaaaaggaacag^Iatg'aTIttttc 
« N F G L R L I F L V L T Z> K G 

gtgtgaagtgtgaagtgcagctggtggag t ctgggggag gcttagtgaagcctggagggt 
cacacttcacacttcacgtcgaccacctcagaccccctcJgaatcacttcggacctccca 
V K C E V Q L V £ S G G G L V K P G G S 

cc ctgaaactctcctgtgcagcctctggattcgct ttcagtagcattgacatgtcttggg 
gggactttgagaggacacgtcggagacctaagcgaaTgTcatcgtaa^tgtacagaaccc 
L K L S C A A S G F A F S S I D M S H V 

ttcgccagactccggagaagaggct ggagtgggtcgeatacattagtagtggtggtqata 
eagcggtctgaggcctcttctccgacctcaccca^dgTngtaTt^atcaccacca'ctat 
R Q T P E h.-r L E W V A Y I S S G G D N 

acacctacta tcc agacactgtgaagggccgattcacca tctccagagacaatgccaaga 
tgtggatgataggtctgtgacacttcccggctaagtggtagTg^t^nn^gtt^J 
T Y Y P D T V K G R F T I S R D N A ^ N 

acaecctttacctgcaaatgagcagtct gaagtctgaggacacagccgtgtattactqtq 
tgtgggaaatggacgtttactcgtcagacttcagactc^tjrgTcggcaJaTIaTJain 
TLYLQMSSLKSEDTAV YYCA 
caagaaggtacgg cctcccttttgcttactggggccaagggactctqqteaetotctrfg 

gttcttccatgccggagggaaaacgaatgaccccggttccctgagaccaglgacIgTgTc 
R R * G L P FA YWG Q C T L V T V S A 

ca 

FIG.2 



—————— ———^—— ———— — — — ^— — — — — ————*.— — — — — — — — — ^.— —————— .+_———————— ^» 

cttaaotatgcaagagagctcctctgcaacstctttactctggcagataagtcaaggacc 

MRP 51 0 F L G 

ggctcttgttgttctggcttcatggtgctcagtgtgacatccagatgacacagtctccat 
----- -_———-,*.--— —-—.—_^— --—--———.*.— ——— ----- ♦——-———--—«*. 

ccgagaacaacaagaccgaagtaccacgagtcacactgtaggtc.tactgtgtcagaggta 
L L L F W L H GAQ C D I Q M T Q S P S 

cctcactgtctgcatctctgggaggcaaagtcaccetcacttgcaagacaagccaagaca 
—————————.+-————————— ——————— — +——————— ——+——— ——————.+.———————— —^. 

ggagtgacagacgtagagacectecgtttcagtgggagtgaacgttctgttcggttctgt 

S LSA.S LG GKVTL TC KTS Q D I 

ttaacaaatttatagcttggtaccaacacaagcctggagaaggtcctagactgatcattc 
—--—._- —————— -.*.—— ------- +—-_-— — -— — — _- — — — —————— — — 

aattgtttaaatatcgaaccategttgtgttcggacctcttccaggatctgactagtaag 
. N K F -. I . A W Y Q H K P G e G .P -R L J J H 

attacacatccacai:tacagcc«ggcatcccatcaaggttcagtggaa k gtggatctggca 
——————— — — ^— — — — — — — — — ^.— — — —————— ^— —————— — — ^.— ——————— — ^— — — —————— ^ 

taatgtgtaggtgtaatgtcggtccctagggtacttccaagtcaccttcacctagaccct 
Y T S T L Q P G IPS R F S 6 S G S G K 
aagattattctttcagcatcaacaacctggagcctgaagatattgcaactta'tta.ttctc 
ttctaataagaaagtcgtagttgttggacctcggacttctataacgttgaataataacag 
DYSFS I NNL SP ED I ATYYCL 

tacggtatgatgatcttccctggacgttcggtggaggcaccaagctggaagtcagacgc 
atgccatactactagaaggcacctgcaagccacctccgtggttcgaccttcagtctgcc 
R Y D D L P W T F G G G T K L £ V R R 
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ttctctcgagtcagcatgggcatcaagatggagtcacagac^g^ctttgtetacatg 
aala"ga!ctca^gtl«^^ 

M 

ttgctgtggttgtctggtgttgatggaga cattgtgatgacccagtctcaaaaattcatg 
lalg^a^aalagaccacaTctacctSgtaacactactgggtcagagtttttaagtac 

t L H L S G V D G D I V K T Q S Q K F « 
tccacatcagtaggagacagggtcagcg tcacctgcaaggccagtcagaatgtgggtac t 
^tg^alun^t^tgTncagtcgcagtggacgttccggtcagtcttacacccatga 
S TSV GDRVSVTCKASQNVGT 



aatgtagcctggtatcaac agaaaccagg g caatctcetaaaacactgatttactcggca 
ttacatcggaccatagttgtctttggtcccgttagaggattttgtgactaaatgagccgt 

NVAWYQQKP GQSP K T L IYSA 
tcctaccqttacaqtggagtccctgatcgcttcacaggcagtggatcta ggacagatttc 

4 . 1 ; — I- •+— — " + 

aggatggcaatgtcacctcagggactagcgaagtgtccgtcacctagatcctgtctaaag 

SYRYSGV PDR FT GSGSRTDF 

actctcaccatcagcaatgtgcagtctgaagacttgg^agagtam^cagcaatat 

tglgTgTggtlgtcgttacacgtcagacttctgaaccgtctcataaagacagtcgttata 

TLTI SNVQS EDLA EY FC QQ Y 

aacagctatccttggacgttcggtggaggcaccaagctggaaatcaaacgg. 
+ h + ■• *~ 



ttgtcgataggaacctgcaagccacctccgtggttcgacctttagtttgcc 
NS YPWTFGGGT KI« EI KR 
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HIV -TAT 



•FIG.6 
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